in the kidney by which water reabsorbed from the collecting ducts returns to the body has not been clearly established.
YGcropuncture of the loops of Henle in the partially nephrectomized rat preparation demonstrated higher tubule fluid to plasma (TF/P) ratios of inulin in fluid from the thin ascending limb than in fluid from the thin descending limb of Henle's loop (19) . This finding, coupled with previous work (ZO), and the water permeability properties of the thin limb segments studied in vitro (25), supports the view that the thin loops of Henle function as countercurrent multipliers in the production of a hypertonic renal medulla.
A corollary, stated clearly by Ullrich et al. (39) and by Berliner and Bennett (6) , is that fluid reabsorbed from the collecting duct returns to the general circulation by way of the ascending vasa recta. (The contribution of the lymphatics to this process is uncertain since their existence in the renal medulla is in doubt (3).) Evidence for a contrary view was reported by Horster and Thurau (18). In weanling rats fed a low-salt diet the TF/P ratios of polyfructosan (an inulinlike molecule) were lower in Auid from the hairpin turn and ascending limb than in fluid from the descending limb. These data were consistent with previous suggestions by Thurau and Henne (37) and Marsh and Solomon (24) that water leaves the medulla via the loops of Henle. Horster and Thurau also found that the single nephron glomerular filtration rates (SGFRs) in juxtamedullary nephrons were significantly different from the SGFRs of superficial nephrons. The purpose of this study was to determine which of the views about transtubular water movement in the loop of Henle was correct. This paper reports the results of micropuncture of superficial and juxtamedullary nephrons of young rats fed a standard laboratory diet. Evidence for functional heterogeneity between the two types of nephrons was obtained.
But there was no apparent entry of water into the thin loops of Henle, a finding which supports their role as countercurrent multipliers.
METHODS
Male Sprague Dawley rats weighing 55-85 g and fed Purina chow (Na 4.8 g/kg chow) were anesthetized with inactin 80 "g/kg.
The mean weight of the left kidneys was 480 mg, the range was 288-520 mg. A tracheostomy was performed, and both jugular veins and the left femoral artery were cannulated.
The left kidney was dissected free of its peritoneal attachments and the ureter excised at its origin while the papilla was temporarily pushed back into the pelvis. the adjacent 0.2 mm of ascending or descending limb. In nine of the rats studied, after completion of the loop punctures, the collecting duct was punctured close to the tip and then as far proximal as exposure permitted. Five rats were used for micropuncture of superficial cortical nephrons. The cortex was illuminated with a Lucite rod. Proximal tubules were punctured and filled with an oil column long enough to reach the next succeeding convolution (9). Fluid was collected at a rate so as to prevent the drop from flowing downstream. The collections were timed and the volume measured as described above. The proximal tubules were punctured randomly; no attempt was made to puncture exclusively the end of the accessible portion of the proximal tubule.
RESULTS

Papilla
Juxtamedullary nephrons, Sixteen loops in seven rats were punctured in which fluid was collected at less than the intratubular flow rate, The results, in order of collection, are presented in Table  2 . The mean osmolality, TF/P inulin, TF/P Na/ inulin, and TF/P K/inulin of tubule fluid did not differ significantly among 7 descending limbs, 5 hairpin turns, or 4 ascending limbs of the loop of Henle.
The rats were infused with 0.9 % saline containing 4 milliunits ADH (Pitressin, Parke, Davis) per milliliter at a rate of 0.03 ml/min. Priming and maintenance doses of inulin were given to achieve a plasma inulin level of 100 mg/ 100 ml in the cortical punctures and 60 mg/lOO ml in the papillary punctures.
In each rat isotonic saline equivalent to 1 % of the body weight was injected at the beginning of the infusion (18). Usually a second injection and occasionally up to a total of four injections were given over the course of the experiment.
The manufacture and treatment of the pipettes and the micro-and macroanalytic techniques have been described before (19 The SGFR was determined in 26 loops. The results, in order of collection, are presented in Table 3 . As in Table 2 the mean tubular fluid values did not differ significantly among 7 descending limbs, 8 hairpin turns, or 11 ascending limbs. The mean SGFR was 60.24 =t 5.3 SE nl/min per g kidney wt, and is illustrated by a plot of the individual points along a hyperbolic line representing (TF/P inulin) X V= 60.24 in Fig. 1 . In Table 4 the mean values obtained in the micropuncture experiments in which the fluid was collected at less than the intratubular flow rate are compared to the respective mean values obtained in the micropuncture experiments in which the fluid was collected at the intratubular flow rate. None of the differences is significant (P > 0.1).
The data for osmolality, inulin, sodium, and potassium of fluid obtained from all of the 42 punctures were combined and the mean values are presented in Table 5 . Note that the average puncture site for ascending and descending limbs was 0.3 1 mm from the hairpin turn, and the puncture site of all loop segments averaged only 0.71 mm from the tip. The mean osmolality, TF/P inulin, TF/P Na, TF/P concentrations and high potassium concentrations were Na/inulin, TF/P K, and the TF/P K/inuIin did not differ more characteristic of collecting duct fluid (Table 6 ) than significantly among 14 descending limbs, 13 bends, or 15 of loop of Henle fluid (Table  5) . For example, the total ascending limbs (P > 0.05). osmolality accounted for by NaCl (Na+ X 1.84) in loop Cokting ~UCLS. In each of nine rats, paired puncture of fluid averaged 70 % and was always greater than 5O%, the collecting duct demonstrated a higher osmolality in whereas it averaged 22 % in collecting duct fluid and was fluid from the tip than from the proximal collecting duct never as high as 50 %. (226 mOsm, P < 0.001) and net reabsorption of water (0.62% of GFR, P < 0.02) and sodium (0.9 % of filtered Cortex load of sodium, P < 0.005) ( Table 6 ). In six rats there was net potassium secretion, with reasonable agreement between In five rats 30 proximal tubules were punctured randomly mean net sodium reabsorption (1,14 pEq/ml) and mean and fluid collected quantitatively (Table  8 ). The mean net potassium secretion (0.97 pEq/ml).
In the other three SGFR was 25.6 + 2.2 SE nl/min per g kidney wt, and is rats both potassium and sodium were reabsorbed. illustrated by a plot of the individual points along a hyperIn five loop punctures, there was evidence of contaminabolic line representing (TF/P inulin) X V = 25.6 in Fig. 1 .
tion from collecting duct fluid (Table  7) . In three the This value is significantly lower than the mean juxtamedul-SGFR was very high, but was within the normal range in lary SGFR (P < 0.001).
the other two. In all five samples, however, the low sodium DISCUSSION In the present work there was no evidence indicating net entry of water into the thin loops of Henle. The TF/P inulin ratios had the same mean and range in fluid from descending limb, hairpin turn, or ascending limb, whether the collections were or were not quantitative (Table  5) . These results contrast with those reported by Horster and Thurau:
they found that of 24 samples collected from young rats fed a low-sodium diet, the mean TF/P polyfructosan ratio for 5 descending limbs was 25, for 5 hairpin turns was 10.2, and for 14 ascending limbs was 6.8. They interpreted their findings as evidence for fluid influx into the ascending limb (18). Actually statistical evaluation of Horster and Thurau's data indicates that the mean TF/P polyfructosan ratio of fluid from the hairpin turn is significantly lower than that of fluid from the descending limb (a < 0.025), whereas there is no statistical difference between the means of the hairpin and ascending limb (P > 0.1). In short, their data would seem to imply a fluid influx into the descending limb. trations was decreased. This objection stems from the lower 2) The experimental conditions and physiological state mean TF/P ratios of chemical inulin in our study compared of the rats were such as to effect adversely the overall to the mean TF/P ratios of inulinJ4C of 1 I .3 reported by concentrating mechanism.
To put it another way, perhaps Lassiter et al. (21) and Gottschalk et al. (15) in the loops no water was being reabsorbed by the collecting ducts to of Henle of the desert rodent, or to the mean TF/P polyreenter the loops of He&e. To examine that possibility, fructosan ratios of 11.3 in the rat (18). However, the nine animals were studied in which collecting ducts were recoveries listed in Table  1 include samples containing punctured at the tip and as far proximally as exposure inulin in a concentration an order of magnitude higher permitted after the loop puncture was completed. In each than the highest loop fluid inulin concentration.
No decrease of these rats there was net reabsorption of water and salt in solubility was apparent. by this segment (Table 6 ).
segment. There is no direct evidence to refute this possibility since proximal tubules of juxtamedullary nephrons are inaccessible and the superficial proximal tubule punctures were at random sites rather than exclusively at the end of the accessible portion.
However, preliminary experiments with rats in which the infusion rate was less than 0.03 ml/min resulted in partial collapse of the proximal tubules and very slow transit of lissamine green. Indeed even at the rate of 0.03 mI/min, it was necessary to administer usually at least twoand occasionally as many as fourinjections of isotonic saline equal to 1% of the body weight during the course of the experiment to maintain hydration. Furthermore the fractional excretion of sodium at the end of the collecting tubule averaged only 0.5 % of the filtered load, whereas significant suppression of proximal tubule sodium reabsorption by the intravenous administration of saline to rats results in a greater excretion of the filtered load of sodium (14) (Table 7 ). The SGFRs in three of the punctures were much greater than the mean of the uncontaminated specimens; the criterion of close fit to the hyperbolic line would thus have eliminated them as contaminated.
In the other two punctures, however, the SGFRs fell within the range of the uncontaminated specimens and the TF/P inulin ratios were very similar to the mean TF/P polyfructosan ratios for the descending limbs reported by Horster and Thurau (18). Yet the low sodium and high potassium concentrations in these two instances strongly suggested contamination by collectin, m duct fluid. Since sodium and potassium concentrations were not measured in Horster and Thurau's . study, the possibility that their descending limb punctures were contaminated by collecting duct fluid would not appear to be excluded.
In the partially nephrectomized rat preparation the TF/P inulin ratios were significantly higher and TF/P 3) The rate of continuous intravenous infusion plus the added saline injections resulted in suppression of fractional sodium reabsorption by the proximal tubule with the result that the increased sodium and water presented to the descending limb swamDed the reabsorptive capacity of that sodium-to-inulin ratios were significantly lower in fluid from the thin ascending limb than in Auid from the descending limb (19) However in the present study no differences in water or sodium reabsorption between the descending and ascending limb were found. It is important in assessing this apparent discrepancy to compare the location of the punctures in this study with that in the partially nephrectomized rat. Usually about l-l.5 mm of papilla protruded into the ureter of the young rat in this study. (Occasionally longer papillae were uncovered, the longest protruding 2.5 mm.) Lighting requirements and the necessity to see the loop of Henle proximal to the pipette further reduced the distance between the puncture site and the tip of the papilla.
Thus the mean distance, puncture site to papillary tip, was 0.70 mm (range 0.20-1.34 mm). Furthermore the loops usually did not extend to the papillary tip: the average distance, puncture site to hairpin turn, was only 0.32 mm (range 0.21-0.45 mm). Compared to the total length of inner medulla, which measures approximately 5.4 mm in these animals (36), these distances are small, In a study of the Psammomys, de Rouffignac and Morel (I 1) found no detectable differences in the osmolality, inulin, sodium, or potassium concentrations in tubule fluid from either ascending or descending thin limbs (in agreement with the present work but not in agreement with the data from the sodium-deprived rats (18)). The average distance of the puncture site from the tip of the papilla was 1.4 mm, twice as great as in the present work (the total length of the medulla of the Psammomys is 11.5 mm (36)). de Rouffignac and Morel considered that the samples were therefore virtually all from the same location, namely, the tip of the longest loops of Henle. If this conclusion is valid then it is to be expected that no differences would be detectable between ascending and descending limb punctures in the present work, since the punctures were closer to the papillary tip than in Psammomys, and only 0.3 1 mm on the average from the hairpin turn. The amount of papilla exposed in the partially nephrectomized rat, however, is significantly greater (34). In the previous study (19) the mean distance, puncture site to papillary tip, was 2.5 mm for descending limb and 2,3 mm for ascending limb. The limbs were, therefore, punctured further away from their hairpin turns than is possible in the papillary tip preparations. The differences which were found between the ascending and descending limbs using the partial nephrectomy preparation (19, 20) The data emphasize two features in the potassium concentrations of fluid from the loop of Henle (19, 20, and present study). The first is that there is considerable scatter in the TF/P K ratios, and the second is that, despite the scatter, the average TF/P ratios of potassium are clearly higher than those of sodium. The TF/P K/inulin ratios in the young rat, in the partially nephrectomized rat (19)> and in the Psammomys (11) all indicate that net addition of potassium to the juxtamedullary nephron proximal to the bend of the thin loop of Henle occurs. In the present work the addition resulted in more potassium being present than in the glomerular filtrate. Previously (19) it was suggested that potassium might be reabsorbed in the collecting tubule and thence into the loops of Henle. In view of the finding of net potassium secretion from the accessible collecting tubule in six of nine rats this suggestion is no longer tenable, unless during the course of these experiments the papilla was being depleted of potassium (i.e., that a steady state for papillary potassium content did not exist). An alternative which should be considered is that a countercurrent multiplication system in the thin loops of Henle exists for potassium as well as for sodium.
ColZecting Tubu Ze Transcdhlar Trans@rt
The collecting tubule was punctured first at the tip of the papilla and then as far proximal as exposure permitted (Table 6 ). The average distance between the two punctures was 0.97 mm. The mean osmolality increased toward the tip from 1,004 to 1,233 mOsm, a difference of 229 mOsm. In each of the nine rats there was net reabsorption of water (mean reabsorption of 0.62 % of the glomerular filtrate) and of sodium (mean reabsorption 0.9 % of the filtered load). (The collecting ducts were punctured during free flow; no attempt was made to isolate a segment from confluent branches. However, at most two-and usually less than two-collecting tubule fusions occurred between proximal and tip punctures.
Since each papillary duct divides 8 or 9 times (28), it is reasonable to assume that the two collections were not of fluid coming from functionally different nephron populations.)
The purpose of this study was not to explore the relationship between sodium and potassium in the collecting tubule but simply to characterize the overall function of renal medulla;
and because of the few data, no conclusions about that relationship can be drawn. Nevertheless in six of the nine rats, potassium was secreted by the terminal collecting tubule in an amount close to the amount of sodium reabsorbed (0.97 and 1.14 pEq/ml, respectively). This suggests that a direct sodium-for-potassium ion exchange mechanism, postulated earlier for the distal nephron (4, 5), but shown not to exist in the distal tubule (22) 
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